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HIGHLIGHTS 


►  ID  Mn02  nanotubes  and  nanowires  are  synthesized  by  facile  hydrothermal  routes. 

►  ID  Mn02  is  effective  in  minimizing  the  radical  degradation  in  PEM  fuel  cells. 

►  Water  retention  of  the  hydrophilic  Mn02  reduces  the  humidity  sensitivity  of  fuel  cells. 
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One-dimensional  manganese  oxide  (Mn02)  scavengers  are  proposed  to  minimize  the  radical  degradation 
of  membrane  electrode  assembly  (MEA)  in  fuel  cells.  The  synthesized  Mn02  nanotubes  and  Mn02 
nanowires  are  ca.  5—8  nm  in  diameter  and  more  than  100  nm  in  length,  respectively.  Water  retention  of 
the  hydrophilic  Mn02  reduces  the  humidity  sensitivity  of  the  fuel  cells.  At  75  RH%  humidify  levels  of  inlet 
gas  at  60  °C,  single  cells  assembled  by  catalyst  layer  with  Mn02  nanotubes  and  nanowires  as  the  cathodes 
have  peak  power  densities  of  599.3  and  536.8  mW  cm-2,  respectively.  Radical  scavenger  Mn02  in  the 
cathode  catalyst  is  effective  in  minimizing  the  radical  degradation  in  proton  exchange  membrane  (PEM) 
fuel  cells.  After  the  OCV  degradation,  the  hydrogen  crossover  of  cell  assembled  by  catalyst  layer  with 
Mn02  nanowires  or  Mn02  nanotubes  in  anode  and  traditional  catalyst  layer  in  cathode  are  about  5.3  and 
4.9  mA  cm-2,  respectively.  As  a  comparison,  single  cell  with  conventional  catalyst  layer  in  both  anode 
and  cathode,  the  hydrogen  crossover  through  the  MEA  is  increased  to  14.7  mA  cm-2. 

©  2012  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

The  durability  of  proton  exchange  membrane  (PEM)  fuel  cells, 
especially  when  the  fuel  cell  is  operated  in  transportation  with 
extreme  or  cyclic  changes  in  load,  is  one  of  the  biggest  challenges 
and  barriers  for  commercializing  this  promising  technology  [1,2]. 
Currently,  considerable  researches  have  concentrated  on  reducing 
the  wide  gap  that  exists  between  the  ideal  and  the  state-of-the-art 
lifetimes  of  PEM  fuel  cells  [3].  Chemical  degradation  of  the  elec¬ 
trolyte  in  the  catalyst  layer  or  proton  exchange  membrane  is  re¬ 
ported  to  be  a  major  cause  of  PEFC  lifetime  limitations.  It  is 
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generally  accepted  that  chemical  degradation  of  the  electrolyte 
occurs  via  a  two-step  process  [4-6],  including  the  formation  of 
reactive  oxygen  species  such  as  the  hydroxyl  radicals,  OH*,  and 
reaction  of  reactive  oxygen  species  with  the  electrolyte. 

In  the  membrane  electrode  assembly  (MEA)  of  the  PEM  fuel 
cells,  the  commonly  employed  carbon  supports  and  Pt  catalysts 
inevitably  suffer  oxidation  during  long-term  operations  in  oxygen- 
rich,  high  operating-potentials  and  low  pH  environments  [7-12]. 
Ionic  pathway  degradation  in  the  catalyst  layer  also  can  be 
observed  due  to  the  chemical  degradation  of  proton  conductive 
electrolyte  with  radicals  [11].  The  integrity  of  the  PEM  is  another 
crucial  factor  affecting  the  lifetime  of  fuel  cells  because  it  functions 
as  both  an  electrolyte  and  a  separator  of  the  reactant  gases.  The 
former  decreases  the  performance,  while  the  latter  aggravates  the 
gas  crossover  through  the  electrolyte  membrane  and  destroys  the 
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cell  [13,14].  With  the  hydroxyl  radicals,  proton  conductive  elec¬ 
trolyte,  such  as  perfluorinated  sulfonic  acid  ionomers  (PFSA),  can  be 
unzipped  because  some  unstable  terminal-COOH  end  groups  are 
oxidized  to  carbon  dioxide,  reforming  the  linked  CF2  units  to 
another  terminal  carboxyl  group  [15-17]. 

Hydrogen  peroxide  and  its  decomposition  intermediate  product 
hydroxyl  radicals,  OH*  that  are  generated  at  the  fuel  cell  environ¬ 
ment  are  considered  as  one  of  the  important  factors  which  leads  to 
the  proton  conductive  electrolyte  degradation.  Radicals  can  origi¬ 
nate  from  electrochemical  and  chemical  reactions  on  fuel  cell 
cathode  with  the  presence  of  transition  metal  cations  which  can 
split  hydrogen  peroxide  produced  from  a  two-step  electron  oxygen 
reduction  [18,19],  or  direct  reaction  of  H2/O2  on  the  surface  of  the  Pt 
catalyst  because  of  oxygen  crossover  from  the  cathode  at  low 
currents  and  hydrogen  crossover  from  the  anode  at  high  currents 
[20-23].  Depending  on  the  catalyst  and  its  surface  modification, 
oxygen  reduction  reaction  (ORR)  may  go  via  a  four-electron  route 
yielding  water,  or  through  a  two-electron  pathway  producing 
hydrogen  peroxide.  The  yield  of  H2O2  on  a  typical  fuel  cell  catalyst 
such  as  Pt/C  can  reach  15%  [24]. 

Several  strategies  are  introduced  to  reduce  the  effect  of  reactive 
oxygen  species  in  a  fuel  cell.  The  first  is  the  improvement  of  the 
chemical  durability  of  the  proton  conductive  electrolyte  by  mini¬ 
mizing  the  unstable  terminal-COOH  end  groups  of  the  per¬ 
fluorinated  sulfonic  acid  electrolyte.  It  is  proposed  that 
hydrothermal  decarboxylation  of  defect  groups  with  the  assistance 
of  counter  ions  and  ethylene  glycol  can  improve  the  chemical 
durability  of  the  perfluorinated  sulfonic  acid  by  several  times  of 
magnitude  [6,17].  However,  the  residual  defect  groups  still  consti¬ 
tute  a  durability  hazard  for  the  proton  conductive  electrolyte. 
Another  approach  is  to  develop  peroxide  decomposition  catalysts 
in  the  electrodes  [25]  or  proton  exchange  membrane  [26,27].  It  is 
demonstrated  that  the  Pt/C/MnC^  hybrid  catalysts  produced  50% 
less  hydrogen  peroxide  than  the  baseline  Pt/C  electrocatalyst.  At 
90  °C  and  50%  RH  at  open  circuit  with  pure  hydrogen  as  fuel  and  air 
as  the  oxidant,  the  concentration  of  F-  in  the  anode  condensate  over 
24  h  was  found  to  be  reduced  by  a  factor  of  3-4  when  Pt/C/Mn02 
replaced  Pt/C  as  the  catalyst  [28]. 

In  this  work,  we  choose  Mn02  as  a  regenerative  free  radical 
scavenger  for  PEMs  owing  to  its  unique  acid-based  and  redox 
properties.  Mn02  has  been  demonstrated  to  be  excellent  free 
radical  scavengers  [29-32].  Additionally,  they  can  be  regenerative 
in  nature,  especially  in  acidic  media.  We  here  focus  on  incorpo¬ 
rating  one-dimensional  (ID)  MnC^  scavengers  within  the  catalyst 
layer  to  capture  reactive  oxygen  radicals,  which  further  improves 
membrane  electrolyte  assembly  durability  of  PEM  fuel  cells.  The 
preparation  procedure  and  properties  of  the  catalyst  layers  were 
studied  in  detail.  The  results  show  that  the  ID  Mn02  scavengers 
possess  excellent  anti-oxidation  abilities.  The  membrane  electro¬ 
lyte  assembly  with  1 D  Mn02  scavengers  evidently  lowers  the  rate 
of  OCV  degradation  of  the  fuel  cell  under  accelerated  tests. 


2.  Experimental  section 

2.1  Preparation  of  the  Mn02  nanotubes,  nanowires  and  the  catalyst 
layer 

The  Mn02  nanotubes  were  synthesized  by  a  facile  hydrothermal 
method.  2.604  g  of  MnSCH  •  4H2O  was  dissolved  in  400  mL  of  Nation 
solution  (5  wt.%  in  water,  Du  pont)  with  vigorous  stirring.  When  the 
solution  was  clarified,  23.4  mL  of  aqueous  solution  containing 
23.4  mmol  of  NaC103  was  added  into  the  above  solution  under 
continuous  stirring.  The  mixture  was  then  transferred  into  a  Teflon- 
lined  stainless  steel  autoclave.  The  autoclave  was  sealed  and 


maintained  at  160  °C  for  10  h.  After  the  autoclave  was  cooled  to 
room  temperature  naturally,  black  precipitates  can  be  obtained. 

The  Mn02  nanowires  were  synthesized  as  follows:  1.58  g 
KMn04  and  4  mL  of  formaldehyde  were  dissolved  in  348  mL  Nation 
solution  (5  wt.%  in  water)  and  transferred  into  a  Teflon-lined 
stainless  steel  autoclave.  The  synthesis  was  carried  out  under 
hydrothermal  conditions  at  120  °C  for  10  h.  The  autoclave  was 
cooled  to  room  temperature  naturally  when  the  reaction  time  was 
finished.  The  final  products  were  further  annealed  at  300  °C  for  1  h. 

Conventional  catalyst  slurry  and  the  MEA  were  prepared  by 
following  procedures:  For  catalyst  layer  with  MnC^,  catalyst  slurry 
was  prepared  before  the  MEA  and  catalyst-coated  membrane 
(CCM)  fabrication.  During  the  preparation,  1  g  Pt/C  catalysts 
(60  wt.%  Pt/C,  Johnson  Matthey)  were  mixed  with  10  mL  de-ionized 
water  under  vigorous  stirring.  Then  3.16  g  Nafion/MnC^  nanotubes 
(or  Mn02  nanowires)  were  added  to  the  mixture,  followed  by 
ultrasonic  treatment  for  30  min  and  a  high-speed  homogenizer 
(20,000  rpm)  for  1  h  to  form  catalyst  slurry.  After  that,  the  catalyst 
slurry  was  applied  to  PTFE  thin  film  by  spraying.  After  dried  at  60  °C 
for  10  min  and  followed  with  at  90  °C  in  N2  atmosphere  for  3  min, 
the  catalyst  layer  was  then  transferred  onto  the  Nation  211 
membrane  (Du  pont)  at  125  °C  and  10  MPa  by  the  decal  method  to 
form  the  CCM.  The  GDL  was  placed  on  the  anode  and  cathode  side 
of  the  CCM  to  form  the  MEA.  The  Pt  loading  of  the  anode  and 
cathode  catalyst  layer  was  0.25  mg  cm-2. 

2.2.  Characterizations  of  the  Mn02  nanotubes,  nanowires  and  the 
catalyst  layer 

Transmission  electron  microscopy  (TEM)  characterizations  of 
Mn02  nanotubes  and  nanowires  were  carried  out  on  a  JEOL  6300  at 
an  accelerating  voltage  of  120  kV.  The  performance  and  durability 
of  MEAs  were  measured  in  a  single  PEM  fuel  cell  on  G50  Fuel  Cell 
Test  Station  (GreenLight)  at  60-95  °C  without  back  pressure.  In  the 
test,  H2  and  air  were  used  as  the  fuel  and  the  oxidant,  respectively. 
The  MEA  was  mounted  in  a  single  cell  test  fixture  with  a  serpentine 
flow  field  and  a  fuel  cell  clamp  (with  an  active  area  of  3  x  3  cm2). 
The  H2  and  air  flow  rates  were  300  and  2000  seem,  respectively. 
The  humidity  of  the  H2  and  air  was  kept  at  the  same  level  and  the 
cell  performance  was  measured  as  a  function  of  relative  humidity 
(RH).  Prior  to  measurement,  cells  were  activated  by  polarization  at 
a  constant  current  until  stable  performance  was  reached. 

The  durability  of  the  MEAs  in  a  single  PEM  fuel  cell  was  inves¬ 
tigated  at  an  open  circuit  voltage  (OCV)  on  fuel  cell  test  station.  The 
cells  were  operated  under  75  RH%  humidify  levels  of  inlet  hydrogen 
and  air  at  60  °C  without  back  pressure.  During  the  long-term 
durability  tests,  the  OCV  values  of  the  cell  were  automatically 
recorded  by  the  G50  Fuel  Cell  Test  Station. 

The  electrochemical  active  surface  area  or  activity  of  the  cell 
estimated  from  cyclic  voltammograms  was  measured  with  scan 
rate  of  20  mV  s_1  at  ambient  temperatures.  Prior  to  the  cyclic 
voltammograms  tests,  cell  was  activated  by  operating  at 
1000  mA  cm-2  with  100  RH%  H2/air  for  30  min.  Then,  dry  hydrogen 
at  a  flow  rate  of  10  seem  was  fed  to  the  anode  (which  served  as  the 
counter  and  reference  electrodes)  and  argon  to  the  cathode  at 
100  seem,  which  served  as  working  electrode.  The  potential  was 
scanned  between  0.05  V  and  1.2  V  versus  the  cathode  (working 
electrode).  Relative  electrochemical  active  surface  areas  were  ob¬ 
tained  by  comparing  the  area  of  hydrogen  oxidation  peaks  from  the 
cyclic  voltammograms. 

The  gas  permeability  or  crossover  through  membranes  was 
assessed  by  measuring  diffusion-limited  hydrogen  oxidation 
current  densities  of  the  crossover  H2  using  Autolab  PG30/FRA.  H2 
gas  (300  seem)  was  fed  to  the  anode  side  of  the  cell  while  N2  was 
fed  to  the  cathode.  By  applying  a  dynamic  potential  from  0  to  0.7  V 
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vs.  the  anode  (i.e.,  dynamic  hydrogen  electrode,  DHE)  at  0.5  mV  s_1, 
the  limiting  H2  oxidation  current  density  was  measured.  The  anode 
side,  where  hydrogen  evolution  takes  place,  served  as  the  counter 
electrode  and  the  DHE  reference  electrode. 

3.  Results  and  discussion 

The  morphology  and  dimension  of  the  as-prepared  Mn02 
nanotubes  were  examined  by  TEM  (Fig.  la  and  b).  The  TEM  image 
(Fig.  la)  clearly  reveals  the  tubular  Mn02.  The  nanotubes  with  high 
quantity  are  usually  5-8  nm  in  diameter  and  more  than  100  nm  in 
length.  Fig.  lb  gives  a  magnified  view  of  a  single  tubular  crystal, 
revealing  the  hollow  interior  nature  of  these  tubular  structures.  The 
diameter  of  the  tubular  crystal  is  ca.  5  nm  and  the  thickness  of  the 
tube  walls  is  estimated  to  be  1  —2  nm.  Fig.  1  c  and  d  present  TEM 
images  of  the  MnC^  nanowires,  revealing  that  the  Mn02  consists  of 
nanowires  with  diameters  ranging  from  4  to  6  nm  and  lengths  up  to 
several  hundreds  of  nanometres. 

Fig.  2  presents  cyclic  voltammograms  of  the  conventional 
catalyst  layer,  catalyst  layer  with  Mn02  nanotubes  and  nanowires. 
In  the  left  section  of  the  curves,  hydrogen  on  the  catalyst  surface  is 
desorbed  until  the  catalyst  is  free  of  hydrogen  at  ca.  0.35  V. 
Subsequently,  the  current  observed  from  0.35  to  0.7  V  is  not  utilized 
for  electrochemical  reaction,  but  utilized  for  charging  the  double 
layer  between  the  electrode  and  the  electrolyte.  The  formation  of 
a  surface  oxide/hydroxide  appears  above  ca.  0.75  V.  The  corre¬ 
sponding  electrochemical  active  surface  areas  of  the  catalyst  layers 
were  calculated  from  the  H2  desorption  peak  of  the  voltammogram. 
The  corresponding  results  are  180.2, 178.3  and  177.8  cm2  cm-2  for 
conventional  catalyst  layer,  catalyst  layer  with  MnCb  nanotubes 
and  catalyst  layer  with  Mn02  nanowires,  respectively.  The  elec¬ 
trochemical  active  surface  areas  of  catalyst  layer  with  Mn02  are 
a  little  smaller  than  that  of  conventional  catalyst  layer,  indicating 
that  the  small  content  of  Mn02  in  catalyst  layer  does  not  seriously 
affect  the  available  catalyst  area  in  the  whole  catalyst  layer. 

At  fully  humidified  condition,  the  performance  of  catalyst  layer 
with  Mn02  is  no  better  than  that  of  conventional  catalyst  layer. 
Advantage  of  catalyst  layers  with  Mn02  in  performance  arises  when 
the  humidity  of  inlet  gas  lower  than  100  RH%.  Fig.  3  shows  the 
performance  of  single  cells  assembled  with  various  catalyst  layers 
under  75  RH%  humidify  levels  of  inlet  gas  at  60  °C.  A  single  cell 
assembled  by  conventional  catalyst  layer  in  both  at  cathode  and 
anode  has  peak  power  density  of  430.4  mW  cm-2.  Single  cells 
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Fig.  2.  Cyclic  voltammograms  of  the  conventional  catalyst  layer  (line  B ),  catalyst  layer 
with  Mn02  nanotubes  (line  C)  and  catalyst  layer  with  Mn02  nanowire  (line  D). 

assembled  by  catalyst  layer  with  MnC^  nanotubes  or  MnC^  nano¬ 
wires  in  the  cathodes  and  conventional  catalyst  layer  as  the  anodes 
have  better  performances.  The  peak  power  densities  achieve  551.2 
and  536.8  mW  cm-2,  respectively.  These  results  demonstrate  the 
water  retention  of  the  hydrophilic  Mn02  and  indicate  that  the 
catalyst  layer  with  Mn02  is  much  less  sensitive  towards  humidity 
change  of  the  reactant  gases.  The  peak  power  densities  of  cells  with 
Mn02  nanotubes  or  Mn02  nanowires  in  the  anodes  and  conven¬ 
tional  catalyst  layer  as  the  cathode  have  peak  power  densities  of 
599.3,  583.2  mW  cnrT2,  slightly  lower  than  the  cells  with  Mn02  in 
cathode  because  the  hydrophilic  Mn02  improves  the  water  reten¬ 
tion  in  anode  electrodes,  thus  reduces  the  proton  transportation 
resistance  from  the  anode  to  cathode. 

Open  circuit  voltage  (OCV)  operation  has  also  been  recognized 
as  an  effective  stressor  for  accelerated  testing  and  the  accelerated 
effects  of  OCV  operation  on  the  degradation  of  PEM  fuel  cell 
components,  including  the  PEM  and  catalyst  layers,  have  been 
investigated.  The  increased  gas  crossover  due  to  zero  reactant 
consumption  under  OCV  conditions  was  believed  to  be  the  major 
reason  for  the  electrolyte  chemical  degradation  [33,34].  Fig.  4 
shows  the  open  circuit  voltage  (OCV)  degradation  of  fuel  cell  with 
variable  catalyst  layer.  The  OCV  of  the  fuel  cell  assembled  with 
conventional  catalyst  layer  in  both  at  cathode  and  anode  decreased 


Fig.  1.  (a-b)  HRTEM  image  of  Mn02  nanotubes,  and  (c-d)  Mn02  nanowires. 
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Fig.  3.  Single  cell  performances  of  fuel  cell  with  variable  catalyst  layer. 

significantly  from  0.943  to  0.687  V  during  the  5000  min.  The  OCV 
reduction  rate  was  51.2  pV  min-1.  The  OCV  for  the  fuel  cell 
assembled  by  catalyst  layer  with  Mn02  nanotubes  and  catalyst 
layer  with  Mn02  nanowire  as  the  cathodes  and  conventional 
catalyst  layer  as  the  anodes  decreased  from  0.943  to  0.749  V,  and 
0.942  to  0.745  V  during  the  accelerating  test,  respectively.  The  OCV 
degradation  rates  were  38.8  pV  s-1  and  39.4  pV  s-1.  The  OCV 
reduction  rate  of  the  catalyst  layer  with  Mn02  was  much  lower  than 
that  of  the  conventional  catalyst  layer  demonstrated  the  radical 
scavenge  of  the  Mn02  in  the  catalyst  layer.  When  Mn02  is  used  as 
the  anodes,  the  OCV  reduction  rates  were  further  decreased 
because,  in  an  operated  fuel  cell  at  OCV  or  low  current  density 
condition,  hydrogen  peroxide  and  radical  are  trends  to  be  gener¬ 
ated  in  the  anode  at  low  current  density  [20,35,36].  The  OCV  for  the 
fuel  cell  assembled  by  catalyst  layer  with  Mn02  nanotubes  and 
catalyst  layer  with  Mn02  nanowires  as  the  anodes  and  conven¬ 
tional  catalyst  layer  as  the  cathode  decreased  from  0.938  to  0.845  V, 


and  0.936  to  0.851  V  during  the  accelerating  test,  respectively.  The 
OCV  degradation  rates  were  18.6  pV  s-1  and  17.0  pV  s-1. 

Fig.  5  depicts  cyclic  voltammograms  for  the  various  catalyst 
layers  after  5000  min  acceleration.  The  H2  desorption  peaks 
provide  the  information  of  the  electrochemical  active  surface  of  Pt. 
The  clear  appearance  of  hydrogen  peaks  indicates  that  the  ‘triple¬ 
phase  boundaries’  where  the  electrolyte,  reaction  materials,  and 
electrically  connected  catalyst  particles  still  contact  together  in 
catalyst  layer  after  the  durability  tests.  The  conventional  catalyst 
layer  as  a  cathode  in  the  cell  presents  a  large  degradation  from 

180.2  cm2  cm-2  to  83.6  cm2  cm.  Catalyst  layer  with  Mn02  nano¬ 
tubes  and  catalyst  layer  with  Mn02  nanowire  as  cell  anodes  also 
have  degradation  after  the  acceleration.  The  electrochemical  active 
surface  areas  degraded  from  177.8  to  90.3  cm2  cm-2,  and  178.3  to 

95.2  cm2  cm-2,  respectively.  However,  the  catalyst  layer  with  MnC^ 
has  less  degradation  if  used  as  cathodes.  The  surface  areas  for 
catalyst  layer  with  MnC^  nanotubes  and  catalyst  layer  with  MnC^ 
nanowire  as  cathodes  after  acceleration  are  99.5  cm2  cm-2  and 
104.6  cm2  cm-2,  respectively.  This  result  demonstrated  for  the 
same  materials,  the  anodic  degradation  is  much  larger  than  the 
cathode  because  of  more  radicals  are  generated  in  anode  at  low 
current  density.  However,  the  open  circuit  voltage  (OCV)  degrada¬ 
tion  (Fig.  3)  of  cells  assembled  by  catalyst  layer  with  Mn02  as 
cathode  were  much  higher  than  the  cells  as  anode,  implies  that 
electrolyte  membrane  degradation  by  the  radical  contributed  much 
to  the  cell  degradation. 

Hydrogen  permeation  across  the  proton  exchange  membrane 
was  measured  by  crossover  current.  Since  hydrogen  permeability  is 
a  function  of  the  hydration  and  temperature  of  the  membrane  [37— 
39],  measurements  were  taken  at  the  controlled  temperature  and 
humidification  conditions  of  60  °C,  100%  RH%.  Fig.  6  shows  linear 
sweep  voltammograms  of  cells  before  and  after  the  OCV  acceler¬ 
ated  degradation.  Typical  fresh  cell  have  low  hydrogen  crossover 
with  ca.  1.72  mA  cm-2.  However,  for  a  cell  with  conventional 
catalyst  layer  in  both  anode  and  cathode,  the  hydrogen  crossover 
through  the  MEA  increased  to  14.7  mA  cm-2.  Applying  the  Mn02  in 
the  cathode  catalyst  layer  slightly  reduced  the  membrane  degra¬ 
dation.  The  hydrogen  crossover  of  cell  assembled  by  catalyst  layer 
with  Mn02  nanowires  in  cathode  and  conventional  catalyst  layer  in 
anode,  catalyst  layer  with  Mn02  nanotubes  in  cathode  and 
conventional  catalyst  layer  in  anode  are  about  11.4  and 
9.5  mA  cm-2,  respectively.  However,  applying  the  one-dimensional 
Mn02  in  the  anode  extensively  minimize  the  radical  corrosion  of 
the  electrolyte  membrane  because  the  radical  generated  mostly  in 
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Fig.  5.  Cyclic  voltammograms  of  the  variable  catalyst  layer  in  the  single  cells  after  OCV 
accelerated  degradation. 
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Fig.  6.  Hydrogen  permeation  of  the  cells  assembled  with  variable  catalyst  layer. 
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the  anode.  After  the  OCV  degradation,  the  hydrogen  crossover  of 
cell  assembled  by  catalyst  layer  with  Mn02  nanowires  in  anode  and 
catalyst  layer  with  Mn02  nanotubes  in  cathode  are  about  5.3  and 
4.9  mA  cm-2,  respectively.  Thus,  radical  scavenge  Mn02  in  the 
anodic  catalyst  is  an  effective  strategy  that  minimize  the  radical 
degradation  in  PEM  fuel  cells  at  OCV  condition. 

4.  Conclusions 

ID  Mn02  nanotubes  and  nanowires  with  sizes  of  5-8  nm  in 
diameter  and  more  than  100  nm  in  length  were  successfully 
fabricated  by  facile  hydrothermal  methods.  These  ID  Mn02  scav¬ 
engers  in  the  anodic  catalyst  layer  is  an  effective  strategy  that 
minimizes  the  radical  degradation  in  PEM  fuel  cells.  Water  reten¬ 
tion  of  the  hydrophilic  ID  Mn02  can  reduce  the  humidity  sensi¬ 
tivity  of  the  fuel  cells.  At  75  RH%  humidify  levels  of  inlet  gas  at  60  °C, 
Single  cells  assembled  by  catalyst  layer  with  Mn02  nanotubes  and 
with  nanowires  as  the  anodes  have  peak  power  densities  of 
599.3  mW  cm-2  and  583.2  mW  cm-2,  respectively,  better  than 
a  single  cell  assembled  by  conventional  catalyst  layer  in  cathode 
and  anode  (430.4  mW  cm-2).  After  the  OCV  degradation,  the 
hydrogen  crossover  of  cell  assembled  by  catalyst  layer  with  Mn02 
nanowires  or  Mn02  nanotubes  in  anode  and  traditional  catalyst 
layer  cathode  are  about  5.3  and  4.9  mA  cm-2,  respectively.  As 
a  comparison,  single  cell  with  conventional  catalyst  layer  in  both 
anode  and  cathode,  the  hydrogen  crossover  through  the  MEA  is 
increased  to  14.7  mA  cm-2. 
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